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Studies on the immunoprecipitation of the proteins of several different measles and subacute sclerosing panencephalitis (SSPE) virus strains from lysates of infected cells have revealed a relative lack of antibodies to the nonglycosylated viral membrane protein (M) in the sera of patients with SSPE, in contrast to a high level of antibodies to other viral proteins. No evidence was found for the existence of a large number of antigenically unique M proteins. In contrast to SSPE sera, other hyperimmune human or rabbit sera precipitated M protein as well as the other viral proteins. The results suggest that in patients with SSPE there is either diminished synthesis of M, or it is not recognized normally by the immune system, and that an abnormality in M protein is involved in the pathogenesis of SSPE. Although differences in electrophoretic mobility of the M proteins and several other viral proteins were observed among different SSPE and measles strains, there was no pattern characteristic of SSPE strains, nor could these strains be distinguished by peptide mapping.
Subacute sclerosing panencephalitis (SSPE) is a slowly progressing disease of the central nervous system in which measles virus has been implicated as the causative agent. SSPE patients have high levels of antibodies to measles virus in their serum and cerebrospinal fluid, and "measles-like" viruses have been isolated by cocultivation of brain cells with cell lines (1, 2) . (Isolates from patients with SSPE will be designated "SSPE strains" and those from patients with measles, "measles strains.") Because SSPE is a rare complication of measles, it is thought that unusual features of the virus or host or both play a role in pathogenesis. No consistent evidence for the involvement of genetic factors or immunological deficiencies has been found. Comparisons have been made of the biological and biochemical properties of SSPE and measles strains (1, (3) (4) (5) (6) to investigate the role of the virus in the pathogenesis of SSPE. Measles virions contain six major polypeptides with molecular weights of ; 37,000-200,000 (7) (8) (9) . These have been designated (8) : L; H, the hemagglutinin; P, a nucleocapsid-associated protein; NP, the major nucleocapsid structural protein; F, a surface protein with hemolytic and cell-fusing activities, consisting of two disulfide-bonded subunits (F1 and F2); and M, a nonglycosylated membrane protein. In addition, the virus contains small and varying amounts of host cell actin.
In 1974 Schluederberg et al. (3) reported that the M protein of an SSPE strain migrated more slowly on polyacrylamide gels than that of a measles strain, and Wechsler and Fields (5) recently reported that the M proteins of five SSPE strains migrated more slowly than that of one measles strain (Edmonston). In addition, Hall et al. (6) found with monospecific sera that the M proteins of one SSPE strain and the Edmonston strain were antigenically distinguishable, and that the smallest messenger RNA in cells infected with an SSPE strain, thought to be the messenger for M, migrated more slowly than the corresponding RNA in cells infected with a measles strain (6 Braxator) and three SSPE (Berg, Lec, and Mantooth) strains, and 18-54 hr after infection proteins were extracted and subjected to polyacrylamide gel electrophoresis. Because of the slow growth of some strains, not all of the viral polypeptides could be identified over the cell background in every case; however, the polypeptides of most interest in this work (M, NP, and P) were always identified (Fig. 1) . No significant differences in protein synthesis were found among the strains. Although the M proteins of two SSPE strains (Mantooth and Berg) migrated more slowly than that of the Edmonston strain, the Lec SSPE strain and the Braxator measles strain migrated identically, and the 16-77 measles strain had the most slowly migrating M protein of all. Thus, there was considerable variation among strains, but the M proteins of the SSPE viruses did not always migrate more slowly than those of measles strains. Furthermore, Fig. 1 shows that the NP and P proteins of the six strains also varied significantly in migration, but there was no consistent pattern characteristic of measles versus SSPE strains.
Peptide Maps of M Proteins. Two-dimensional peptide maps of the M proteins from cells infected with the above six strains showed remarkable similarity (Fig. 2 ). All six M proteins contained three characteristic peptides (A, B, C), but, with the Edmonston strain, the middle spot in this region (B) had a different mobility, and another difference was also observed (spot D). Thus, although the Edmonston strain could be differentiated from the others, the M proteins of SSPE and measles strains could not be distinguished by this method.
Immunoprecipitation of Viral Proteins. To investigate the presence of antibodies to specific viral proteins in patients with SSPE, lysates of cells infected with the Edmonston strain were immunoprecipitated with nine SSPE sera, a serum obtained 22 years after uncomplicated measles, convalescent serum from a patient with atypical measles following vaccination with killed vaccine, and rabbit sera prepared against measles (Edmonston) and SSPE (Lec) viruses (Fig. 3 left) . Whereas the rabbit and human atypical measles sera precipitated all the viral proteins, the SSPE sera precipitated very little or no M, even though these sera precipitated large amounts of the other viral proteins. The M precipitation by the SSPE sera was similar to, or less than, that obtained with the serum obtained 22 years after measles. These observations were extended (Fig. 3 center) with nine other SSPE sera (sera 10-18), and again very low levels of M were precipitated in most cases. Sera 16 and 17 are exceptions in that a significant amount of M was precipitated, but still less than the amounts of the other viral proteins. Of 28 SSPE sera tested, only 4 have precipitated M protein to appreciable levels. It should be indicated that, if the autoradiograms are exposed for very long periods, most of the sera show minimal amounts of M precipitation, amounts similar to or less than that obtained with normal sera in which antibodies to all the proteins are present at low levels. Thus, there is not a total absence of antibodies to M, but rather a great relative deficit. Indeed, it would be expected that some antibodies to M would be present arising from the initial measles infection that led to SSPE. In Fig. 3 center an additional polypeptide that migrates slightly behind the M protein is also seen. In Sendai virus-infected cells a polypeptide (B) migrating similarly has been shown to be a phosphorylated form of M (11) .
In these experiments the sera were used undiluted; however, experiments were also done in which the sera were serially diluted, and there was a decrease in the precipitation of proteins with dilution. The atypical measles serum Al still precipitated all the proteins, including M, at a dilution of 1:10,000, and three SSPE sera tested in serial dilutions precipitated all the proteins except M at this dilution. In those instances in which undiluted SSPE sera precipitated a small amount of M, there was no precipitation at dilutions >1:20.
Comparison of SSPE Sera with Other Measles Hyperimmune Sera. Because of the high levels of antibodies to proteins other than M in SSPE sera, it was appropriate to compare further these sera with other hyperimmune measles sera. Fig. 3 right shows the proteins precipitated by convalescent sera from three patients with atypical measles (Al, A2, A3) and the acute and convalescent sera from two other such patients (A4a, A4c, A5a, A5c). The antibody responses in all convalescent sera were very high and all the viral polypeptides, including M, were precipitated. A similar precipitation of all polypeptides was seen in the postvaccination sera (VI, V2) of two children as compared to prevaccination sera (Bi, B2). These children had presumably had measles before vaccination. Three additional SSPE sera (sera 19-21) are also shown in Fig. 3 a vigorous antibody response was mounted to measles virus, antibodies to M as well as to the other viral proteins were produced.
Immunoprecipitation with Different Virus Strains. The above studies were carried out with cells infected with the Edmonston strain. To exclude the possibility that all the SSPE sera were failing to precipitate M simply because each patient had been infected with a virus whose M protein was antigenically distinct from that of Edmonston, similar studies were done with five other viruses [three SSPE strains (Berg, Lec, and Mantooth) and two measles strains (16-77 and Braxator)]. In each case, results similar to those above were obtained; the SSPE sera efficiently precipitated all the other viral proteins, but little or no M, and the atypical measles and rabbit sera precipitated all the proteins, including M. Fig. 4 shows examples of these studies with the 16-77 measles and Berg SSPE strains. Thus, the SSPE sera failed to precipitate the M proteins of three different SSPE and three measles strains, indicating that the phenomenon is independent of strain. These results do not exclude minor antigenic differences among strains.
The unlikely possibility could still be raised that there are a great many different SSPE strains, each with an antigenicallydifferent M, even though their-other proteins were similar, and that none of the 28 patients tested were infected with a strain detectably similar to those used above. This was excluded by testing serum from an SSPE patient (lane 8 in Fig. 3 (Fig. 6 ). All the viral proteins, including M, were precipitated with atypical measles serum and with a mixture of this and SSPE serum, whereas the SSPE serum did not precipitate M, as expected. The unprecipitated material in the supernates following two precipitations with SSPE serum was then reprecipitated with atypical measles serum. Fig. 6 shows that the M protein not precipitated by the SSPE serum was precipitated by the atypical measles serum. This confirms the previous conclusion that the failure to precipitate M is due to a lack of antibodies in the SSPE sera.
In the above experiments Staphyococcus protein A was used to precipitate antibody-antigen complexes. To esis. It was previously shown that SSPE patients have high levels of hemagglutination-inhibiting, hemolysis-inhibiting, and neutralizing antibodies (now known to be directed against the surface glycoproteins, H and F) and also antibodies to the nucleocapsid protein (NP), and it had been estimated that 10-20% of serum IgG is measles virus specific (13) . In addition, the finding of oligoclonal antibodies to measles antigens in the cerebrospinal fluid suggested a high level of antibody production in the central nervous system (14) . Our studies have shown that in addition to antibodies to H, F. and NP, antibodies to the P and L proteins are present. In view of the vigorous response to the other viral proteins, the relative lack of antibodies to M in SSPE takes on added significance, because in other conditions in which there is a hyperimmune response to measles virus proteins-i.e., atypical measles following vaccination with inactivatedvaccine or vaccination of immune patients-there is a response to M equivalent to that to other proteins. The relative lack of precipitation of M by SSPE patients' sera was so consistent that this would appear to offer a simple diagnostic test for SSPE.
To establish that the minimal precipitation of M by SSPE patients' sera was due to a lack of antibody rather than the ex in the causation cannot be excluded at this time. Nor can it be excluded that in brain cells in vivo the M protein of measles virus strains in general is handled in an abnormal manner, and it is at the level of the extent of initial infection in the brain and ability to persist for reasons not involving M that SSPE strains are distinguished.
The present findings, although implicating the M protein in the pathogenesis of SSPE, do not support the previous conclusion based on studies with one measles strain that the electrophoretic mobility of the M protein can be used as a marker for SSPE viruses (5), because both SSPE and measles strains varied with respect to the migration of their M proteins, as well as other viral proteins, and there was not a pattern characteristic of SSPE strains. Similarly, we were unable to demonstrate by twodimensional peptide mapping major differences between the M proteins of the two kinds of viruses. Additional studies with techniques that permit a finer level of discrimination might reveal such differences.
